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Srtfig^EG^witv/GS:, y y^ttogi^ei 
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C_Km 



( 2 ) 

1 

»tt^*3l^T. **«» + 0>**»**5 5 X 1 0 l 1 - 1 
X 1 0 1 6 atoms/cm 3 4: ft ft J: 5 te. *fiH4#* * 

[8»*as 3 ] ^ 3 * 7 /u* *c-m^£ r> tea* 5 $ 
ix5->y ayiisfiT'fcoT, 

y 3^iBA^6 130 ot:^-c^taff«sH^*3*tsfiKft 20 

teS + ^*lR»S* s . 5X10 n -lXl O 1 6 atoms/cm 
3 irftsaSO^lR^RiDSix/ci^+TT-Wj**^^- 

<b «:4»flk fc -r 5 mie»*:« 3 e«w y ^ ^imga, 

[»W*>flMHftIMn 

[0 0 0 1 ] 30 

<(i. 7" a* 9^**"* (CAT. CZSil^) t-<fc 
[0 0 0 2] 

OKiSlCtt. g^<D*fe^£>ft7^ -iCCZ (Czochr 
alski) Xtt> FZ (Floating Zone) ftdSffil^&tl 

[0003] czsii ^^y^mmi^r—>v 40 

^il, cn*[ll<ES-froo±*^g|#±JfSCii:icJ: 

[0 0 0 4] Sfc. FZSli, ^S^yaW^rf^ 

«iB#«E4:»»S"frft* s ^*»a*i***^***^*> 
[0 0 0 5] iffitECZifctfU *#fti«ff^«*^*J«dS- 



^¥1 1 - 1 8 9 4 9 5 

2 

^«b*tX^ft 0 

[0 0 0 6] CZSiaoTtSJfilfcgfi'fCIl, 
fi*j«*W-J:o-c. y v^tJto»RS8M*(fc (CI 

T\ O S F (Oxidation induced Stacking Fault) b*>^ 

0) asj8±-rft»&as*>6. *<om^ 

Pfe (CAT. Grown-in^R&t^p) d s ^A$tt5. 

[0007] osFyy^eirt©»t»ttit 

1 3 0 0 < C<O5l#±»ftt*rpJW3BfirtT-<Dtafi4giBG<?!> 
ttV/GI:ioTft$^5 0 
[0 0 0 8] tfcV/G^ OSFy>mWWT* 

WaM-ftBSJMl (cat. w^#ffi£f5-r 0 ) XV 

^IILT, 0. l/imgg(OAffi* 
S:S*«iSi: Ufc^rP) (*V K) {KXhtmA^tiho 
[0 0 0 9] — JfcV/G#. BIMtiO/hSt^** 

[0 0 10] — ttl£¥«ft*-HBE* LX/fH^tbX^ 

fto 

[0011] iSAf* WifrSfefc 5 OTtf-f KSfe (*Pte 

tea) &i&misTtz>ti#>\^ ts&i?i&m^ k*sjb 

/iJc£;ft,ft{Ugt!*gc (1 1 0 0 W«) T^fti-^^jfe^ 
fT*>*XXl^fto 
[0 0 1 2] 

js^ft^y =3>*esoirj«jr*5^x(ix Hftftefc*** 

£tbX^ft 0 

[0013] Jtv/GdsasiMtWTtftsftfr 
x*WfiK*tt^mtes^e>«i9aistL^i>3i/Nfi % ^ k 

^ot, K-fk«l»lE«Mt* s A»4:ft5. L 

[0014] zzx\ *v 

«S*^«a*ft*:«*-r ft C 4: £ B » t "T ft. 
[0 0 1 5] 

ig^v^, *«e»**w^->y = 1 30 ox: 

*x*oraS*SHf-i3J+ftj5K**f&]0*gSrtiaff4giaG 4: 



( 3 ) 

3 

[0 0 16] Hfr^UfcJ: 51-. tfcV/G£B£#tt£*T£ 
W/fcSrfT?*. Cffi*7**J& s 3§£Lfti\ ) rfrtt. ^ 

[0 0 17] r^J: **^^*:*tf^iStt^^# 
HScl+K^X* V/Gffl*rBS#fflJWTi:*5 J: 5i-R 

[0 0 18] *«K2BI*3«^IB*Lfc«IBf4, MEM 

*3giiE«^*{*TT*n5 ~>y =^*jeso»ig*isfe«- 20 

*51>X, fiR****^*** 5 5 X 1 0 ll -l X 1 0 l5 at 

[0 0 19] «JETJw*3i>TJBSWJ**ff 5^3 * 9/1- 
^trjoi>X(i, ^Stfc^SMMsW^ 5%Sg 
«±^*9RSr**Pi--5^. »**fcE*ftA**lfca s * 
jfcSixfctK ^-tf^fc— *as**fcfil£LT* * * > 
fcftSRJC#»L<ft0> ^^^*-#^*<0^*fi7c 

So 

[0 0 2 0] (Sffi^9^^»W3»*d s *>S^tt. 
v/y n vJjiieS*^***^ 5 5 X 1 O ll atoras/cra 3 i^ 

(1, 1X1 0 l 5 atoms/cm 3 Jt^±T*^> So 

[0 0 2 1 ] ffot, #«9!lw*3^Xfi, feS^^iR 
*&g£5 X10"-1X1 0 1 6 atoms/cm 3 (CtS^U ^ 

[0 0 2 2] *HJIS3BI*Wcl5«LfcJ8iBli. 40 

fiB#(o->y ayRjS^f) 130 ot:£T-tf>z&Si&Hi-*3 
*t548:ft*rp]^«Sfirtiaff^iaGi:^w:v/G«. y> 

[0 0 2 3] *fB*4f»*«iwf5«tLfe»M*ix wimm 
*«3l5tt^*MJw*3^T. #^R£*f*TT*/££;ft, 50 



11-189495 

4 

*->y n^SSfitiU 5X10" 
— 1X1 0 ! 5 atoms/cm 3 t ft 5^^CO;fcff§7^^JD ^^fc 

[0 0 2 4] Ctf)J:?ft. TK^^Sr^tf^Stt^^S: 

lifpf^ > y 3 r £ a* pjf£ £ ft 5o 

[0 0 2 5] jga*<0*3(l*SdS5x 10"-1 

X 1 0 1 5 atoms/cm 3 <tft3 J: 5 KR5t Lfc*ffK"> y 

*INi&»SCi:#*rtei:ftS. 
[0 0 2 6] 

[oo27] mm. *&w<Dmm.J5mz-m^hthZ>, 

[0 0 2 8] (H 1 t^l-J; 9 l te. ^3S^^#*r* 

[0 0 2 9] rtf><fc 5ft«ja^"?>ftS/U!y#ltt. BrS 

t — * 2#|p^kRfiWi-lfiR£Hx^<5 0 
(Ortgptc*^ HulSt — * 2^Dift«wJ:oX^ffl> 

<klc§l # ±tf y >f ir— <b ft 6 §1 # _bif 4 # 
BRa?tfCi^o £03l#±tftt4<©jfcl£ttv'-- K^-ir 

[0 0 3 0] JEiC, 3I# -Lffl*4 £«fttl cllio 
^iWBKSlBiK 3 Sr«H 6 Stj*«£*-C^ 

< c ft, [gj^9^iofi. #i«^^»gpt8fHip 

[0031] firtuictM&frflMEtt 

[0032] -t^a/^jeAo^^jtatfltft-rsfc 
s<t. ««ttwttit*8*ft*ii*^e>«D5itfc» 

[0 0 3 3] *8S(0fiS*afiV(4, *jSA^§l^±|f 
?). *iiei^flta*-*lw««rUfc**, 

[0 0 3 4] ^/c. M^fcJSSGfi. -»(Cg|#±Jf*fp) 
(Clipffftl^— tt±<^v<y =^Htjfeieflf^ HOOtM 



( 4 ) 

5 

[0035] z<nm.m*}&Gte. jpft<Dm&om$i&^W 

10 0 3 6] 0 1 {c^-ffeS^SiSaSrffl^'C. 

[0 0 3 7] (311601 1 ) *«fcj3V^Ttt. 
gV^O. 4mm/minWTi:t5^i:iai V/ 

[O 0 3 8] ffireittAAAXXV (0. 4 mm/mi 

r/u*PX*rfTofe«. t^x^y^liJ: 9 . teSrtO 10 

[0 0 3 9] **jfc*to*#T«-*5^T. Wz£L*:*§fi 

[0 0 4 0] fe*fiE*aiSV4:0. 4mm/mi 

n , r^=f>'**4 h/u/sh tK^^so. 4 y 

[004 1] «rE7K*SS*D*{*TJ-ib^^T*fiKUfc^S 

TJwist^-rWfiRUfcteft^^waiatt. sx i o 11 c 

[0 0 4 2] Z(n£?\z&£k^<n7km&&frmfeWbte 
5J:5K, ^Stt#**K*jR£»anU V/Gffl^i 

[0 0 4 3] tfflSH«6«i fcBI— <0»«S:fll^ 

T, H*«l £1*1— <0«a«^3BG|t*#i-S*W= 30 

[0 0 4 4] (HS«2) ^W^^Ttl. SfiJ*fii£ 
SVtl. Omm/mi ntn^^a^ V/Gfit 

[0 0 4 5] WfEife*J*fiiiSV (0. 4 mm/mi 

[0 0 4 61 **«H6*Dftfl=TJw*3V^T, *JE£Lfc*SiB 
fctt, 10 6 cm- 3 gg<D^K/i^ai$nfCo 40 

[0 0 4 7] tte«4j***«VSrl. 0mm/ 

m i n, T^=*ViS££4 0 \) y YtV/ft. TKsBiffiSO. 
4 V y h/u/#^*f*Tfc*3i^-C, ttA^WfiRSrfi 1 ^, 
^f^^f-^^ p /^DX^fTo7tm> ir^^^KJ; 

[0048] MHB*»«a<fe«=T^^i^T*rtufcie* 

til, **«j|Stt*fl=T-e*J«Lfc«*i:W»J-. 10 
[0 0 4 9]*«:J:oT, v/Gtt*BfcJMt£JLbi:* 
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[0 0 5 0] C<D£9lC. V/GH«rHSlMt«T«wtt« 
U IS^b^^tK^S^^ 5X1 0 11 — 1X1 0 1 5 atoms/ 

cm 3 tttzx ^fiHtXf^^J^S^fcfciniufc 

[0 0 5 1 ] 

OgiMtSi/y =»^*ieScD«!5g 
^c^B#^->y 3^HjK^& 13 0 O'C^X'CO^SIaHlw 

jbMt-5^:ft*f6j<ofeSrtiaff^iaaG^:ott:v/Gii. y 

KTWRJEU tt**0**»*36S, 5xi0"-ix 
1 0 1 5 atoms/cm 3 5 K*3t&^et£;tf *#Hft 

[0 0 5 2] r^>J:9(^. V/Gffi*ttJMa^T£i-* 

[Hi] CZfe(a5f^ffi)ci:ffl 

[*?#otfeW] 

l /uytf; 

1 a rtB««F«» 
1 b ^S««F*SS 

1 c *J9«I 

2 t — ^ — 
3 

4 §l#±tf« 
5 

6 3M£A 

9 #H^^(O^^P 

l 0 #H«#**>t*ttin 
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(54) [fgl£0>£ftO ^^^^^q^U^V^^U!3>^aiW\^Mjfc^ft 
(57) [KM] 

ttXSftd s l. 2X10 18 atoms/cm 3 (IRAS A 
TM) Utfcott I G3b*35 s »e>tbSo 

-T-5«« [I] lw»*U^oj«>:ltt<0«*#:*s^Uft 
kv<-7*^ h^ifSc CP] t-JRU«AM<BfflS:^L» 
StfiO^v/y = ^»«*J«<0«««r [Pi] 

L*^o#jrSe«« [P] ClLCOPXIiFPD^ML 

< ti>m%z [Pf] x(i^s« [Pi] <z>^i"ixa*a*e>*9 

^oii«S?& 5 1 . 2 X 1 0 ,fl a t om sXcm 3 (10 

a s tm) j^±r^5-r v=fy h*5i±»f. ° 

l^Ttt^b 9 0 0-1 2 0 o^-es-s O'C/ 




( 2 ) 

1 

->y 3 va!jfi;4rta*s^B»iw#SE-rstB«: C 1 3 i 
U 2g7LffljR*(a* s *E»l-flFffi-*"**** [V] t 

[P] CI LdAHisfi^ffM Li^Iig^^f^y !i 
= ^««*»<0«B««: [Pi3 fcU ttfB«« [V] \z 
»«lj&*oiime'«--;7~* h®« [Pi ^ItCOPX 
fiFPDSr*J«U»5^7L*«aT^«««: [P»] ^ 

miB««-[Pt] [p.] ^^-rtt^— 

*^P>4 9^0»S«a^i. 2 X 1 0 18 a t om s X 
cm 3 (I0ASTM) «±"C*>6^y 

XfiT^^v^^^S^TT^^^ 900—1200 
< C*-e5 — 5 0t/^»MtWl, 5-12 0 

[»*«2] [P»] ^P)<f5'>!)=^8fi>f 

yn> H^e>«tHStLfc'>y ay^x-^SrSilito 

$STXSffia*<b 5 0 0-8 0 0W(^l:iAtT7 5 
0-110 Ot^t'l 0 — 5 Ot/^Ol-lIS-CW 30 
U 4-4 8B*M««i-6JR2»)»*Qa*:fi i 5»**l 

[lf*:^3] [Pi] [Pi] [P 

^4 0 0—7 0 0t^(^ll3ALt8 0 0—1 1 0 0 
t£X0. 5— 1 0t:/#^#*&i£^X#D^U 0. 5 

- 4 o B*in««fi-5is 2 »f»«ya*ff 5 M*« 1 IE«<£> 

->y =>!?3i-/N(OjK5g*feo 40 

v/y 3yi^P6^SSBftl:#St5g«$r [I] t 
U ^7LS^te* s XE«J-flFaE"t*Sffl«4: [V] t 

u tt^in^yav'ffijfs^ife^^frawffiAffljte^w 

<&«*#ri s #fcL*i^--:7~* [p] £ u 

*JEffl« [V] (cJRLWE^r h$r->y ^ v^^- 

£ [OSF] 

mrEffi^ [osf] *r£t*'<-:7** h«« [p] 



2001-151597 

2 

ftt^y 'MDS{ig*ifcl£*3^X. 
MEMS [I] l:B»t^oME^-7x^ hfitt 
[P] ^JRL«Al!effi«r»fiEl-»Sftig:«D»^ra->y 

^>«g^«^®«^r [Pi 3 £u tamm® [v] ic 

R»L**o*rtE'*-:7** CP] CILCOPX 

ttFPDSrJg^L»SS7L»ff«T^ffi«S: [Pi] t 

mmm® [osf] &xfMmm*& [p.] <oii$g»^ 

f)fe!3^oiiIg^l . 2XlO l8 atoms/cm 
3 (10 A S TM) Ek±-Q*>&is]) =i^mm^ b 

XttT/U=f^^#ffl«T"CS«a^P> 900—1200 
t^tS-SOt/^MaSt'WU 5-120 

[lf^5] [OSF] RTtmm [ P? 3 COM-a 

•?3L-^*aiBx«K^tt#HsaTT-s«a*^5 oo- 

8 0 0tO^I:#ALT 7 5 0—1 1 0 Ot^Xl 0 

-sot/^MM^WL, 4 — 4 8 mr${%ft-r 

^^2©^S^rfTpl»*^4E«cC>^y 3^!?aL— ^ 
[0 0 0 1 ] 

ic§^L<*i. -rvhy ^>^^y^y ^ (wt, i 

G) ^&^5¥*#^»0&ffl<Oi/y 
[0 0 0 2] 

iai^X* *B»9 £i&T£ii:<&lHEI£ LXKfcRiBflWI*: 

(Oxidation Induced Stacking Fault. J£XTx OSF 

U/t^— v^-T (Crystal Originated Particl 

e, £AT. COPtl^c ) *\ g£VM;tgA^|E{£ (Int 
erstitial-type Large Dislocation. J£JT\ LD t ^ 
5. ) <0#ffidS*lf bttXt^a OSFI1 *£i&/£fiB# 

^oy-^mse^iiAp^^^F^s^^5c ^fccop 
fi, ISiii^v/y^y^x-^^ry^^r^M 



( 3 ) 

3 

(Time Dependent dielectric Breakdown^ TDD 
B) x ®Kfclgi*EE$H£ (Time Zero Dielectric Breakdo 
wn. TZDB) Sf**<t3*6«Hi:fc* 0 ^^COP 

SlCLDIi> t>P¥tf*xJt9, 
bfrbfe&t°y b £ fcfl¥tf*t5<, C^LDti. ^ 10 

[0003] £x±<Dztfrb, ^m^mm^^mm-r 
ztcMcm^^btiz^v^^z^-'^bosF, co 

OSF, COPRt;LD4:tl4^ft*l6^C/y3y!> 
1 1 - 1 3 9 3*^«^Hl^StLTlf^ 

[P] t-tZt$. ^~7xi? hUfigc [P] 
bteZ-O^v bfabtyttiZtltci/V ^-C*> 
3 0 h«« [P] fi. ft^-Pflv^y =x>S^*: 

P6*s£Ktt^£i-<5«H« [ I ] <t x '>!l3y»8»^ 

[v] ^rjjicME-rSo r^-^^ h«« [p] 

j&*&*5->y 'Mi, -< ^=fjy htf>3l±lfiiS 

£V (mm/») y = b £ <D 

cc/mm) t-rz>ti*. mmt^m^Ltcmzv^^ 30 

ft|:*4t-5 0 SF^ t? ^— s^tp'bMX'm&'t Z> X o 
V/G (mm i X^'°C) (Dm&feftXilFbtlZo 

[0 0 0 4] ¥*#^'^*^-*-o*t-fi> 

OSF s COPRt/LDSf L4t^ T^M^IS 

i£ [P] ^645^^^ h^f>«Iffl$ixfc->y = >9 
;c-/>li, OSF, COPWLD^tL4^fttL^ 

[P] d^46'>y a^a-^Srfls?) tu-rv/Gffl 
fi. fflff4g|BG*s-3tT*fcS4B-&. <{ > * v b <D3\ ±tf 

fcttUKftS-r S c <h *ia«tt(w^-r L feSfiffifc 50 
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4 

<. b<D±m&i>&<fo\ 
[0 0 0 5] -(DX&Mfe-t&tz-M^. _hfev/G<DM 

^ ufc>:te»*iai-*3^r. os f y ^*>*H»tf>N« 
« (*3S^<£> [P] K*tfttS0># 

<^N, (V) ft® (#389! <*> [P.] ffi^c(Cffi^) -C§I± 

os f y y«8^os f y y^^N 
, (v) gi$£N 2 (v) ««-e->y =>#3efiSr5l±if 

S#8r#S36$ixT^£ (»H¥1 1 - 1 5 7 9 9 

6) o z<D^m^Xti^ BWu*^»iS*fr©T-e. 

«« [I] [V] OlvTftfcflFSELfclV ISA 

Icjz^y y 9 V ( I G) mtWfoZisV 
[0 0 0 6] 

1 1 - 1 5 7 9 9 6^«l:iSBttS*lfcv'y 

ftefirt^»*IfiS:2 4ppma (A STM' 7 9 
ft) [#bl. 2 X 1 0 18 a t o m s /c m 3 (10 A S T 

m) icfflns] ^icMfc^y.^y^x-/^^^, 

*\ rttMirit*!**^^ 10 5 Ot^P) 8 5 O'C^T*^ 

[0 0 0 7] #«W<E>BWfi, [P,] Xfiffi«c 

[Pi] WV^tt*v-^X«UK*3&»&ft&Bl*»*dS 
1. 2X10 ie atoms/cm 3 (10 A S TM) £A_t 
(D4 bfabtym&titcis}) ^y^xw^fcoT 

y n y ^7 x-^OKg*fe^^ttt 5 ^ i (^$>5 0 

*»Bog"jwa»«:, [osf] [p»] 

^8#««^P)45»*iK^l. 2xiO l8 atom 
sXcm 3 (10 A S TM) $k±.<D-< Is =f y b ^^0{±J $ 

->y =i^^^-^OS{it*fe$:*i^-r5w^^fe^o * 
[0 00 8] 

v^y^yimv^y hrtwfe«'>y^ys^ 
&x&tf)iztf&'tz>mm& [v] w>y^ 

l%/ <- 73 .^ h««* [P] £1-5<t#, ^-7x^ h 
[P] frht£Z><<^*y bfrbmiti£tltc&X:V&<D 

T'fe5o *<0««*)5«J«li. JtfS^igc [I] CHgl 



( 4 ) 

5 

avo±«E'<-7** h^ig [P3 KKLftAS!eCfc«:« 

[Pi] i:U ±E«* [V] ^»»U^o±IB^<-7 
~* h«« CP] CllCOPXIiFPDWUH 
STLftfiWT^WScS: [Pi 3 ^"T6^:#. ±R«« 

[Pi] Xnm%L [Pi] t^t^ix^— JjXItMJjfrbte 
t> ^oSifg^ 1. 2XlO !S atoms/'cm 
3 (IBASTM) a±T*ibe>*>y ay)MS*^='5' K 

— ^STTklRXttT/u^^^^^HaT^ia*^ 9 0 0 10 
-1200 X;£X 5-5 0V^#iiMt*WL, 
5-12 0^M{Ri*-t-5»ia«i«iS*fT9-i:i-*> 

[0 0 0 9] »#*4fc«S#«li. ±K«« [V] 

[OSF] tt5^, SI* [OSF] «r*tr^-7* 
^ h®J$ [P] frbt£Z>'(>=f$' hfrh§)tti£tifc&!K 

QfeftXifcSo JtfB«« [OSF] 20 

&tf_hiE$i*£ [P.] *>&4 9A^»*»*dsi. 2x 
1 0 lfi a t om s/cm 3 (I8ASTM) ^_ht^5'> 
y 3^*j|gA>r h £r3l±tf\ M*fc 

H^TTSta^'b 9 0 0 — 1 2 0 0t^t*5-5 ot:/ 
^(D#^SgTWL, 5-12 0»B««ft6Sl8 

[0 0 10] «**lXttlt*:«4^«SISW-e*i, -f 

>^=f 3/ h^K!S»ff* s 1. 2X10 18 atoms/cm 

3 (IBASTM) Wifcotk i/y =»^»?3;— 30 

« [Pi] X&m%i [Pi] ^^-f^^— jjJUZMJjfrb 

[osf] &t^«« [Pi] 

OSFW>)x-/MOfM§tWXIiI*t, rtt 

(C<fc9 |)x-^fll:f^-f'7 > (Denuded Zo 

^^ffiaSflf «t ^"CttH**** 5 ! • 2X 

1 0 18 a t om s/cm 3 (10 A S TM) $X ±X*> 5 40 
hb. 0f3e««£il±O***ra« (Bulk Micro Defect, 
^LT, BMD^rl^o ) >6>3§£U I G SjJI £ ^Ti" 6 £ 

[0 0 11] W*«2Xfi»**5JcffiS*WC«. §* 
*3ElXfi»*3g4ia«^»ia«i*Q f 3lSrtfofe«, r 

tb 5 0 0-8 0 Ot^fPrtl^ALt 7 5 0-1 1 0 0 
tttl 0-5 0t/»^MMX«l, 4-48 

«3^«5*MT-ii, if &m i ie®wss i mm&mzft 50 
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T"CS?a^P> 4 0 0 — 7 0 OtWrtClALt 800 

u o. 5-4 om$\%ft^zm2Wi&Mm*'ubJ5fe 

Xfc* 0 ±IE^f*X^2^^>l:tT9^^(c:J: , 9. SB 
1 gif^Jl X7F2/£ Lt!>x-/^BMD &g *S jf ^ U „ 

[0 0 12] 

-/h^ztfn^n^ (Voronkov) ^Hf^ (Cgo^/c^f ^cO 

y hy— >-*p y a^Bft^fev/!) ^y^^-Y 

^RI^rLT. (point defect) <t ,6*:P6<0$yfe<$ 

(agglomerates : H&Tt^jfe) ffiftttZo ^H&llffi 

v/y 3>»s»^r*jE«w*(i«^-o^p,K]iftLfct 

[0013] A^ciftfi— J&fticv-y ^>g4i& (SiBv'y 

l£j:oX»ttffi^*ofc«#tt3l±tf fc fcfcfcftSPU* 

f*: (vacancy agglomerates) Xfite^P^ V = >-M^^ 
Pfe^^li^^ (interstitial agglomerates) fcl&lfcZfrl 

Lf;COP</)ftkl:, LSTD (Laser ScatteringToraogr 
aph Defects) XfiFPD (Flow Pattern Defects) t 

3 0^mmW.WiCX^=^^y^^^ (Secco etching. 
K 2 C r t Ot : 50%H F : ^7K=44g : 2000cc : lOOOcc) 

v-y 3 y^SrtliMS^SM tfc i: # y =*^t 
[0014] vn^cosii^ii, ^teoSc^^>^^^ 
tf^s^v (mm/#) . -o^y h«t =*>Mi&<D 
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-rztzi^ v/g (mmVd-t) &m»-rzz.k 
x-fe^o c<o3i^r-«i, hi A\z7jk-rx v/g& 

fc^BB«§:H5eWI-S5.U S?LfR«4:*-=FnB->y =v 
^y^7M«^ti5 0 Iiaum^ [i] 10 

y^yi^pfe^at^ii ((V/G),gJ) £^ 
U [v] te-T hrtt?©ffi?LS!^R&a s £eW-C 
fcoX. S7LfflA>:»^«*** s flHaE"r«»«« ((V/ 
G)z£X±) Sr^U CP] fiS7LM^teo«*«c3&t/ 

* ((V/G)i~(V/G):) ^^-To «* [P] 

[V] lciiOSFRS:^t5»» [O 
SF] ((V/G) 2 -(V/G) 3 ) dSffSE-r^o 

[0015] :^'-7x^ h-«« [p] tt3Efc«« 20 

[Pi] [Pf] K*MKS*t5o [Pi] I4V/G 

[Pi] fiV/Git^§S#*^^JiE(V/G), l£X*<Dm 

«-c*>-5o bp*>. [Pi] [i] i^it, 

*>9. [P.] »•« [v] icMCU ^OSF4* 
[0016] 1 Xtt3 fc«S38W0>BrJe<O3l 30 

•r-6§u*f5ss^tfc (v/g) ^^v-y 

(fe(^«««5:o«^«:B6it-rS(V/G)i£A±T-*>o-C. 
jR^»36S*iBft^^^S««rt^WI8-r"e(V/G)i 

\z&zmw<nffi7£<D5\±irmm7v7T<<si'te. v/g 
giijfaa^o^r^f^tt. v/G*sa6*jsa±-c*>o 

[0 0 17] CO§l±if^7 p n7r^;Hj:, 

£;ft,&^«**»*i^awJ:"t\ 3. u— vir 
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2mm/^t)0. 4mm/^T'i^l:f 
TS^TV/GSriittWJcfiTS^fci:*^^^^ h 
<7}£r®03ria 1 B. 13 1 C&Zfm 1 DiC-^tL-^ix^i-o 
^-H^Wli^tt^ixH l A<DffiM (v/G) U:*tj6L 

T\ lOOOt, 4 O^MlLfci^Xi 
^tCcteta^HT-foS. rcoHT-f«l±-f*£SMB;T$ 
*<5lwafoT«tt [V] , Si [OSF], US 

[Pf] . ffl* [Pi] St/«« [I] ^mtt^o B1C 
te5\±lfm.'& (as-grownCD^ffi) 0±IS-f^^^K^3 

o 0 Z<DmXte±m [V] irffi^-T^^igclCCOP. F 

pdw, ±«e [i] fc*Ba-r6«*«3iLD^mtt 
y^frtz Xfaftftrnx-frZo r'^Btiios 

[0 0 1 8] HI 1 BlCJMSi-SBililSSI^T. 4^7^fT- 

Wi, W 2 , W 3 ^tO ? W 4 & ^ iti^ tl>M 3 A> EI 3 

CRl$m3Vl^-to ?*-^Wittf*»l-OSFa 
Sr«J5fe"T6«« [OSF] rf^ ^ojSJH.cfgS [P,] 
#j#;gEi--5 0 — /nw 2 fii-^-casiHSfi CP?] x-£> 
60 !?*-^w,« + ^SP{r:«4fi [P.] ^rtf^Hir 
«*S [Pi] ^sat$o *^-^w 4 li-r^T^S 
[P,] T*fe6o **3 % COP^LD^m^^i 

Pfe) ^«-»*«cdSi x 1 0' 3 cm 3 C0^*»(C^LT 
l«4c«S3&s*aiSixfc»*«:*aiTI8tt (1 x 1 o 3 fi 
/cm 3 ) ir-r^^^, ^HSo^flc^Sft^iE^tH 

[001 9] *»M<o^y 

JH^R*«** S 1. 2 X 1 0 18 a t om s/cm 3 (10 
ASTM) Wtfc6:i:^tfc6o Z<DtcV>\Z>> 

SlSdSl. 2Xl0 18 atoms/cm 3 (ISA S T 

m) sA±x&>z>o zti&mim?&&mi~£*)±^'?~- 

/>W, — W< (CgfS(Offifi£A±^ B M D S itX $ ^ 

[0 0 2 0] ftl:±!B*> y =1 y •> x - 1 SMI 
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(a) mi&m&m 

#i^Tt*M^ h 9 0 0 — 1 2 0 0^-05 — 5 OX: 

x.. ^o«#ift**S9 0 ot*!Xli«»i*r B W s 5»* 

|:^^BMDM^ie>li/^\ 5 
t:/5>*SSX% **o««riftfl[!fts 1 2 0 0t^«i5^ 

T-T5 0 * 1 fHR«y®te* 1000-1200 20 

ttfl 0-4 Ot/^#fiSgT*MU 10-6 

[0 0 2 1 ] (b) l2iMl 
jg 1 I^MSI^fTo/c ? az -/nW, -W 4 HIS 2 e#R*QfS 

frbtlZtz&b, #£Ll\> 'MW&tWi 

(W*3S 5 28tt^Mf*gf2) tt\ ^-^W, 
Rtfw. SrK*X#4Kfttt#B*T-e*»A*6 5 0 0- 
8 0 0t^^l-iAl*C 7 5 0—1 1 0 O'C^T 1 0 
-SOt/^MSt'iPllL, 4-4 8l*Wft»t 30 

^off^lS^7 5 ot*ixii(^ra^4^ 

ft So #M&j&Ka s l Ot/^St, a>o««fi& 

1 0 0t^ix.6^ Xtt««WM**4 8B#Pp1^t 

<DB2Wt&MM&, mm.frb6 0 0 — 8 0 0X:<Dfp{^iC 
iAlT8 0 0— 1 0 0 OttTM 0 — 4 0 40 
«*«-e»HRU 6-40«^t5:d:^l 

[0 0 2 2] ±J5^*— ^W,&t/W4 0»2afte*Qj3g 
-ea»*»6 4 0 0—7 0 O'CcD^Pf^iC^ALTS 00 — 

iiooti-eo. 5— 1 or/#<o#iaags*ciD»ft 
L, 0. 5-4 0^«St5- it- J: Vftt>tiZ>o JR- 
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a»ofiM$iaffj&s 1 1 0 O'CSrjg^STK X«i«f*B#raas 
S Q :^§#<oi2^iii, i»f)3 0 0-6 0 

0Wl^i:iAlT 9 0 0-1 0 0 0t^T*l-3t 
/ftO&l&M&T-mm U 1-12 NFBB*«r-T S C <!: 

[0 0 2 3] 

60 

-fv^co^n^ (b) dSK-^*ifcpSW'>!i3W 
hSrSI-hlffc. Z<0^>=f y b&W.m&<D-g:Z& 
6 0 0 mm. jgfi*fiC*S (10 0) . «fet*3& 5 1-15 
Q cm. 1 . 4xi0 !8 atoms/cm 3 

(I0ASTM) T-&0/C0 ^^'yHt 5l±«fB#<DV 
/G«r0. 2 4mm ! /»WbO. 1 8mm l /ftX;3i 
■eil«Wlc«^S***S6, |^-*{4=T-2#W/SLfc, 

Jjfa^ls^y htttffllffU SrW-^ 

[OSF] -t<D«HJ-«« 
[Pi] ^*-rSH]2S:t>*ll]3 AlI^t^x-zNW, -Cfe 

, «r**#H*T-c»fij&*e> 1 2 o otifc-ei ot/» 

[0 0 2 4] <jt*6«2 >Jttt«l tmiS-f ^=^sx 

120 ot^ti ot;/#o#i&»ffx>ansau 

/nw, ^i##iMTt*i^e>8 0 o < co^pf^{c?SA 
in ooottti ot/^MMt«u 2 

4 i*ffl««f-r 53s 2 &m*Q i m&?ri tc 0 

[0025] <tt&mi>nfcmi tmcso** tfr 

t>wmi,m&QtmLtz ^^w, -e*>o-t, hm 

[0 0 2 6] <ifc«0«2 >J*ifc«l U-f >=f^ M> 

x-/nW, &ttnM2b L/Co 

[0 0 2 7] <ittMPffl >*1M1 £Jfctfc«l*>*~ 
-vN*r^tt^«S«»lR#H«T-e 1 2 0 6 0# 

HiOJfil L"C\ O S FlHffiftfl&^I&fTofcSL ir^x^ 
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&m i co $ ^— ^x-n^t&cp'bm^o s f ^ia^L/c 

(^CTlt, ^ffi0i|l O^^-^N-CJi^®^^ 2 O/im 
^^l:b/coT^®OSF7!l-T^ot £fc*Ss 
Ml, 2 Rtflt&M 1 , 2<D$ = -^Z*ti*:timffl 
U Il:!>x-/Nf®^7^ h (Wright) 

^— >-^^®^^^$ 1 0 0 ^ mlc:3oft<5 — '^'frSfl 

a* p, # ^ — / n m m as £ -e ca * — / > ± m <o b m d & 

0<0j:^ttte x^'frffi (Omm) x—'^JB 10 

iZ2^5 (±7 5mm) *-CS:«U fctttliBMDftaiJS 

[0 0 2 8] B5^e>W5)^4J:5l^ Jttt«l«)9* 
— ✓N^&ttBMDfiMfcttiTIB (lXlO'e/cm 1 ) 

fcot I G3tjX*S* > ££ 0 7 <l/c m 3 jy. 

_k. ^^K(il0 6 i/cm 3 ^«7)BMD Sf^^ft 
ffiSttfco £ fcHJ6#l 2 <D /n-ci* -Affile: 
^/coTmJ: 9 2«r*#f 1 0 10 i/cm 3 ^BM 

x-/^®|:bfcotl 0 1D 8/cm 5 ^BMD*a 
«6fl«M*ajS*Lfca^ Ccd£cc — />tt*fktt#H*T"C 
Mt6i:OSF^iSfblfc, JEKUffiW 1, 2&tf 

JtRtfl 2 (D £7oi — /n©#*BI:*5*« D Z H<£>*I£;$IJ^ 
DZJitt*ttl^FIB-C*>ofc c 

[0 0 2 9] <JHB«3 >jMK«ll "Cgi-blffc-f V=*:v 
h^e>'>y ^■^-✓N^tjOtHU Kfsfaf: fl CcD#4 30 
"Cf4K»i:ftS!>*-^tt. *^tt«cfB« [P.] &m 
L, ^<OJHHI-«« [Pi] tr*t6H2RtfH3 

|lf::^!)x-^W3 Sr7k*»H«TT-^«a^e> 1 2 

»-T 5 ft 1 «fR*Qf31 ^fro/c 0 
[0 0 3 0] <Hffi#i4 >HJS#ll tmC^i >**y Yfr 

1 2 o ot^-ci Ot/^MMtWl, 

6 o^m^w-r^mi^^m^rrotcm, ^<dv^- 40 

ITlOOOtlTM Ot/^MISt'WU 2 

[0031] < mmm 5 >mmmi tmc«< 

Jfl^fe 1 2 0 O^Ctt* 1 0t/5)(OMSSt«L, 
6 O^MtRS-rs^lSfRtoSSrffofeft. CcD^rc- 
/nW 3 *l9R#i^Tt*M^b5 0 OW^lli^A 
IT 1 0 0 Ott T'lt/^WlSfWL, 4B# 
B«»i- 5^2 S««i3a SrfTo fc. 50 
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[0032] <jt»W3 >mfcwi tmcj v=r-> 

^St>m2^^t>fT^^t^^-yNW 3 £J£®>#!3 

tfc««2 <b L/c a 
[0 0 3 3] <H:RSffl2>jaS«3, 4, 5»t/tt« 

0( 3 , 4 <d $ ~-^**fr?tb±&ttMw m 1 1 mmiz. 

LX^x- '^ffi^bHi* 10 0 ^ml-iSI**!?* — 

<b * x — '^HiflSP* T-cD £ ^ — ^±®<D BMD 

o**^<o J: CfAfi*^-^*^ (0mm) frbt* 
-^mVlU (±7 5mm) U fcTtiliBMD 

*sBI««**-r. B6^t)WP)^J:5l^ fcfc«0fI3<D 

3<D?^-^x~n*:(Dmmue)mt& [Pi] t-tB^-rs 

a^BMD^SM^l 0 s i/cm 3 ^Tt$)ofc(0 
HxtlT, ^rO*^SP^)S«6 [Pf] lift 3 
BMD^Mli I G8b*as*>££ SftStt 1 0 9 ®/ 
cm 3 T^ofc 0 £ fcHJSWI 4(D$xl —s^X-ft V =^—^ 

mm&Rx*tp!kmzz.ti±*) 2«^^bmd«^ 

Ml O^fi/cm'^BMD^afS^^tB^^fCo C 

iSF'j 5 ^ ^ — ^ — ic x ^ti^fthmmm 

3J:^ I G«b*dSi«< t^flofc. ^ib\ ttKM 

4 CD ^ i — ^>T-*iHft« 4 |p]«^ BMD frfl|?BS^^ 
^r^T^-+itC^or^/c 0 55*w||jte«3, 4S:t>*5cD 

^(ommic&rt z d zei±ttai^fe-e*> t? . tt&m 4 co 

[0 0 3 4] <^^6 >mi&MlX*3\±lftC'<^=tv 

-CttK»i:*6 9x-/>ft ^TdSS« [Pi] -C**>5 

d>5>«IttJ liifSt/c - cd <? x-/nW 4 ^ttK^#H^ 
T"C*ffl^6 1 2 0 0t*T'l Ot/^^^MtiJD 

6 o^fBft^-rsjBiaiRfflfSiffo^. ccd 

^^.-y^ A ^Ii#i^TtM^f>8 0 OtcD^F^ 

i:iAir 100 o'Cufc-ei ot:/^#naa«"eauft 

[0 0 3 5] <^ffi^«j7 >*1S«1 ilpJC-f^^y 

ia^e> 120 o'c^t-i ox:/&<nm& : &g.x~nm\^. 
6 o^rafsft-rsiBiafRffljSSrffofe^, ccd^^- 
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Lt 1 O O Ot^t'lt/^lfiMTWL, 4B# 

[0036] <tt«wi5 >nmwi tmz^^^y 

[0 0 3 7] <it«fll7 >#l;fe#Il tmCJ hrt* 

[0 0 3 8] <H:«»ffi3>HJfe«6, 
5 , 6 , 7 £ * — /N*-?:tL-?ftt±8Eltt88¥fiifi 1 ^ RlfiS 
|:LT^-/nSP^I^ 1 0 0 /imMft^^x" 

7 <Ds&$&m<D£Zm-Z<} '^'MB (0mm) frb V 
=*—^mmM (±7 5mm) *-C*r«U* fcTttttBM 
Dfle«SBfi£r*-*-o H 7 J: 5 fc* tfc«0!l 5 

GWfcSi ^62X1 0 7 i/cm 3 (^BMD*a 
Snl^fcoX^ttJ: 0 3#t*:#^1 0 1 0 ffi/ c m 3 iS<D 

#H«T"CSR«!fSi-Si:OSF3&s|HaE{l:Ufco 3Ef-*6S 
« 6 7 — ✓MZ>*St5l-*5tt 5 D Z Jf<7)[i>g3:$J 

5 xt/ 6 ^ ^ -^<D&mm .^*3tt a d z Jitesfca^te 

XfctK tfcK«|7 0DZJBtt!>3i — ^*^Sp-e0. 5^ 
[0 0 3 9] 

»W^J:*tfi. fltt [Pf] [Pi] tfn^Tixa* 40 

-*Xtt3JC*^e>*9*^«E*««* s 1 • 2 X 1 0 1 8 a 
toms/cm 3 (IBASTM) £A±X£> 6 is ]) = V * 

zc— /N^7K^x«r/w^^^^#H^T"e^^ i e> 9 o 
0-120 0X^x5 — 5 ot/^^#lISt:« 

U 5-6 0»W«»r6*lS»»3a«:tT5r^^<t 

^gtISg^2 4ppma (ASTM' 7 9fi) 
[jftl. 2 X 1 0 18 a t o m s /c m 3 (IBASTM) 
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P»*3S4{w«6*WI-J:^tf. [OSF] 

« [Pi] ©jBd«**^*S*»«** s l- 2X10 

,fi a toms/cm 3 (I9ASTM) £A±T'fc5'>!) 3 

9 0 0-1 2 0 0t*-C5-5 0t/^^#MIt'j[lD 
JfeU 5-60 ^F^^ft 61 1 Ml^ff ^ i 

^8Mg|:2 4ppma (ASTM' 7 9ffi) 
Hfill. 2Xl0 !8 a toms/cm 3 (IBASTM) 

G«J** s »e)tb5o ^l:«OSF«M^ti^Hl^ 
footi), osF7y-^^:^^> i Gmtwfr 

3Efc*Pfll**2 f 3X*i5{w^^^2^^ 
[^©Ojffim^ttP^] 

[Ull] A *'py3 7(OlgSlrI^^ v/Gfcfca* 
BS*^»±-ett?g7LSS>f >=^ry btW&Zti* V/G 

B >fy=^y M:Ni#l^ lOOOt, 4 01$^ 
C 5l±tfHS (as-grown(D^^) ^^y^> h%ir=i 

[in 2] mi B\zttfc-fz>m 0 

[HI3] a giaow, irffis-rs**— '^¥8500 
b in 2 cow 2 tcts^-r 6 ^ /N^^FEiUo 
c i2 cow* /^c9¥®[Uo 

[H)4 ] lllSWiaVH:*^!^*?*— ^W,oJRte 
[HI 5] Hffiffill, 2XtfJt«tfll, 2<£>**;c— 

[HI 6] 3H8tfl3, 4, 5&tNt«0»3, 40#^x- 
/nW 3 (DfafeS^feS^*^^— ^W 3 JC*3tt5 BMD^O 

[0 7] 7Rtfit«0il5 > 6, 7<D&V^~ 
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105] 



[OSF] 



«@/cm 3 ) 
2 10 U |- 
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106] 



Pi] 



H 2 

i2oot; 

60# 



mnms- 



n 2 

500 c Cd^ 
1000*0* T? 



N 2 

looot; 



MM 3^ 



BMD&^ 
«B/cm 3 ) 

10 



li 



10 



10 



-75 



io n h 



10 



10 



10' 



-75 

9 



-75 



-75 



(mm) 



75 




(mm) 



75 




(mm) 



75 




(mm) 



• Ik, . 
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H 2 

1200^ 

60# 



17] 



(Won 3 ) 



N 2 
500*0^ h 

lOOO^CST* 



7 10 



10 



10 



-75 
10 8 ■ 



N 2 

looot: 



If l % 



Vd&M 7 io 10 



N 2 
500TC^ 

1000'C* "t? 



10 b 



-75 




*** 5 ^ ■ (***TBI) 



(mm) 



75 



(mm) 



75 



(mm) 



75 



[ tBtitS 0 1 *PJS 1 2f 7A 26 0 (2 0 0 0. 7. 2 
6) 

{3^tf*IE 1 ] 
HIIE»*»»6] Ell 



[*IjE»*«B*] El 6 

[*jErt*] 
[06] 
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[P v ] 




1200*0 
60# 



«@/cib 3 ) 



^£6609 5 



500^^ h 

iootfc*-t? 



24H#[HJ 

iooox: 




[«R«jE*] 

[XttiP] ¥/£l 2^9^ 4 0 (2 0 0 0 

I^RWjE 1 1 

[«jE»**a*l 0 0 3 2 
[*§jEF*)£] 

[0 0 3 2] <Jfc««3 >H; 



9. 4) 



i kmc* >**s vfr 



<72)3SW# 

»5***m*«BTlTB297#« 



*5**lTf|T*lRBr 1 T g297#M!i 
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F 4G077 AA02 AB01 AB02 CF10 FE12 

4M106 AA01 AA13 CB03 CB19 CB20 
CB30 DH55 DH56 DJ18 DJ20 
DJ38 

5F053 AA12 AA44 DD01 FF04 GG01 
PP03 RR03 



